Background: Sarcopenia and proteinuria are significant health difficulties in the elderly; however, few studies have investigated their relationship. In this study, we investigated the association between sarcopenia and proteinuria in Korean subjects over 60 years old. Methods: We included data from the Korean National Health and Nutrition Examination Survey, a cross-sectional, nationally representative survey conducted from 2009 to 2011 (n=4,008). Sarcopenia was defined using appendicular skeletal muscle mass as a percentage of body weight. Proteinuria was defined by a urine dipstick test result above trace levels. Results: The overall proteinuria prevalence was 7.2%. The incidence of sarcopenia was significantly higher in subjects with proteinuria. The prevalence of proteinuria was significantly higher in the sarcopenic group (5.5% vs. 14.5% in the non-chronic kidney disease (CKD) group; 17.2% vs. 23.2% in the CKD group) than in the non-sarcopenic group. Furthermore, sarcopenic participants had worse metabolic parameters, such as higher body mass indexes, waist circumferences, and fasting glucose levels, and lower high-density lipoprotein cholesterol levels than those in the non-CKD group. After adjustment for confounders, the odds ratios (95% confidence interval) for proteinuria were 2.84 (1.92-4.18) in the sarcopenic non-CKD group, 3.70 (2.59-5.30) in the non-sarcopenic CKD group, and 5.19 (2.64-10.18) in the sarcopenic CKD group, compared to the non-sarcopenic, non-CKD group. Sarcopenia increased the proteinuria risk in elderly participants without CKD, even after adjustment for obesity, hypertension, diabetes, and metabolic syndrome. Conclusion: These findings showed that sarcopenia was associated with dipstick proteinuria, especially in elderly participants without CKD, regardless of comorbidities.
INTRODUCTION
As the elderly population increases, the health of elderly citizens is becoming a priority for public health. One of the most important changes in old age is that in muscles. Sarcopenia is the age-related loss of muscle mass and strength. The prevalence of sarcopenia varies between 5%-13% in subjects over 60 years old, increasing sharply to 50% in those aged 80 or older. [1] [2] [3] In sarcopenia, lost muscle tissue may be replaced by fat and connective tissue, causing chronic inflammation and catabolic cytokine production. These conditions are strongly associated with chronic diseases, such as hypertension, diabetes mellitus, and hyperlipidemia, as well as increased mortality. [4] [5] [6] Several previous studies have suggested that there might be an association between sarcopenia and decreased kidney function; these studies have primarily focused on chronic kidney disease (CKD). CKD can lead to sarcopenia, and vice versa; sarcopenia can also cause CKD, leading to a decreased glomerular filtration rate. [7] [8] [9] [10] The effect of sarcopenia on renal function can result in proteinuria in CKD. Considering that proteinuria is a risk factor prognostic indicator for CKD, it is vital to study the relationship between sarcopenia and proteinuria.
11)
Proteinuria may also cause significant health difficulties in the elderly. It is a marker of kidney disease, particularly CKD. 11, 12) Persistent proteinuria is directly proportional to the extent of loss of renal function and is also a risk factor for cardiovascular diseases and mortality in older people. 12, 13) The best estimate of proteinuria is quantification using 24-hour urine collection and spot urine total protein or albumin levels that have been corrected for urine creatinine. 11) However, these tests are difficult and time-consuming. In contrast, the urine dipstick test is a useful diagnostic tool to detect proteinuria because it is cheap, widely available, and fast. 11) In this study, we searched for an association between sarcopenia and dipstick proteinuria in elderly participants who were stratified by the presence of CKD, which is already known to be associated with proteinuria. We used data from the Korean National Health and Nutrition Examination Survey (KNHANES), a cross-sectional, nationally representative survey conducted from 2009-2011.
METHODS

Study Participants and Database
The KNHANES is a nationwide, population-based, cross-sectional health examination and survey regularly conducted by the Division of 
Definition of Sarcopenia and Proteinuria
ASM was measured using whole-body, dual-energy X-ray absorptiometry (Discovery-W; Hologic Inc., Waltham, MA, USA). To define sarcopenia, we used ASM as a percentage of body weight (Wt), a procedure that was modified from the studies of Janssen et al. 15) Sarcopenia was defined as a result that was 2 standard deviations below the sex-specific mean for healthy adults aged 20-39 years (1,054 men and 1,338 women), as previously described. 16) The cut-off ASM/Wt value for sarcopenia was 27.2% in men and 21.3% in women. Urine dipstick analysis was performed using a Urisys 2400 automated urine analyzer (Roche Diagnostics GmbH, Mannheim, Germany), and proteinuria was defined as trace or greater.
Measurement of Clinical Parameters and Biochemical Analysis
We collected participant demographic data, including information on anthropometrics, smoking history, and physical activity, using stan- Plasma glucose, total cholesterol, triglyceride (TG), high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein cholesterol levels were measured using a Hitachi 7600 automated chemistry analyzer (Hitachi, Tokyo, Japan) according to the manufacturer's protocol.
Insulin levels were determined using a gamma counter (1470 Wizard; Perkin Elmer, Turku, Finland) with an immunoradiometric assay (Biosource, Nivelles, Belgium). The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as the fasting insulin (mIU/mL)×fasting glucose (mg/dL)/405. 17) The serum creatinine concentration was measured using the kinetic Jaffe method, and the interassay coefficient of variation was less than 5%. Because the serum creatinine assay was not calibrated to be traceable using isotope dilution mass spectrometry, the eGFR was calculated using the original modi- 
Statistical Analysis
Analyses for differences were performed using the IBM SPSS ver. 
RESULTS
This study analyzed 4,008 participants. The clinical characteristics of participants according to the presence of proteinuria are summarized in Table 1 . The overall prevalence of proteinuria was 7.2%. The group with proteinuria had a higher BMI, waist circumference, current smoking rate, and systolic blood pressure than the group without proteinuria. However, there was little difference regarding the extent of regular exercise and walking and the amount of daily energy and protein intake between the 2 groups. In addition, the group with proteinuria showed worse metabolic parameters, including higher fasting glucose, HOMA-IR, and TG levels, and lower HDL cholesterol, than the group without proteinuria. As expected, clinical conditions, such as the prevalence of obesity, hypertension, diabetes, metabolic syndrome, and CKD, were higher in the group with proteinuria. Most no- Values are presented as mean±standard deviation or %. P-values were obtained using the Student t-test for continuous variables and the chi-square test for categorical variables. HOMA-IR was calculated using the insulin and fasting glucose levels as follows: fasting glucose (mg/dL)×insulin (mIU/mL)/405. ASM, appendicular skeletal muscle mass; BP, blood pressure; HOMA-IR, homeostatic model assessment of insulin resistance.
tably, the incidence of sarcopenia was significantly higher in the group with proteinuria, even though ASM/weight (%) was similar between the 2 groups.
Association between Sarcopenia and Proteinuria
Because CKD is a well-established risk factor for proteinuria, we examined the independent association of sarcopenia with proteinuria after stratification according to CKD (Table 2 ). In the non-CKD group, sarcopenic participants had a higher BMI, waist circumference, and systolic blood pressure, along with worse metabolic parameters, such as fasting glucose, HOMA-IR, total cholesterol, and TG, than those without sarcopenia (reference group). In the CKD group, sarcopenic participants also exhibited worse metabolic parameters; however, there was a statistical significance only in BMI, waist circumference, and fasting glucose. Moreover, the prevalences of comorbid diseases like obesity, hypertension, diabetes, and metabolic syndrome were higher in the sarcopenic group. Notably, the incidence of proteinuria was also significantly higher in the sarcopenic group (5.5% versus 14.5% in the CKD group; 17.2% versus 23.2% in the non-CKD group) (P<0.001) than in the non-sarcopenic group (Table 2) .
Because hypertension, diabetes, and metabolic syndrome are considered independent factors in kidney damage, we examined the independent association of proteinuria with sarcopenia after stratification according to these clinical conditions. 21, 22) The non-CKD group with sarcopenia showed an increased prevalence of proteinuria, regardless of whether they had obesity, hypertension, diabetes, or metabolic syndrome (Figure 1 ). However, in the CKD group, the prevalence of proteinuria was not different between the non-sarcopenic and sarcopenic groups. Notably, the odds ratio of sarcopenia without CKD for Figure 2 .
DISCUSSION
Aging is an increasingly important issue for public health worldwide, with the sharp rise in the elderly population. Aging gradually causes a decline in physical function and activity, eventually leading to frailty. Values are presented as mean±standard deviation or %. P-values were obtained using a one-way analysis of variance (with the Bonferroni post hoc test) for continuous variables and the chi-square test for categorical variables. eGFR is the estimated GFR calculated using the abbreviated modification of diet in renal disease equation: 175×(serum creatinine) -1.154 ×(age) -0.203 ×(0.742, for women). The HOMA-IR was calculated using the insulin and fasting glucose levels as follows: fasting glucose (mg/ dL)×insulin (mIU/mL)/405. CKD, chronic kidney disease; ASM, appendicular skeletal muscle mass; BP, blood pressure; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostatic model assessment of insulin resistance. *P<0.05, **P<0.01, and ***P<0.001 for comparison with the reference group with sarcopenia (-) and CKD (-).
As one of the key components of frailty, sarcopenia is a progressive and generalized loss of skeletal muscle mass and strength. 21) Sarcopenia is related to functional impairment, cardiopulmonary failure, and physical disability in the elderly. 9) In addition to being an indicator of renal function, proteinuria is also a risk factor for cardiovascular disease and mortality in older people. 23, 24) Various studies have reported a strong relationship between sarcopenia and CKD or ESRD. 9,10) However, there have been few studies on the relationship between sarcopenia and proteinuria using urinalysis with dipstick screening. We found that sarcopenia was significantly associated with dipstick proteinuria Recently, Foley et al. 8) and Moon et al. 10) reported that sarcopenia is associated with the stage of kidney disease in community-based populations in the United States and Korea, respectively. These studies emphasized that the higher the CKD stage, the larger the increase in sarcopenia. 8, 10) One mechanism for sarcopenia development in CKD is the inflammatory process. Chronic inflammation leads to a decrease in muscle mass, particularly in those with ESRD, resulting in sarcopenia in CKD. 9) However, the present study showed that the prevalence of proteinuria was not different according to the presence or absence of sarcopenia in CKD, while it was significantly different in non-CKD group. This might be due to the small number of participants with CKD, and no difference in ASM (Wt) between the non-sarcopenic and sarcopenic subjects with CKD.
Verna et al. reported that aging is associated with a decline in renal function due to the decrease of functional glomeruli at a rate of approximately 0.75 mL/min/y. 12) This tendency can be accelerated by comorbid diseases like hypertension, diabetes, atherosclerosis, and heart disease. As these diseases are common amongst the elderly, it is difficult to differentiate between pathological and physiological proteinuria. Normal aging of the kidney is related to an increased proportion of globally sclerotic glomeruli (glomerulosclerosis), increased arteriosclerosis (fibrointimal hyperplasia), medial hypertrophy, arteriolar hyalinosis, and tubular atrophy with surrounding areas of interstitial fibrosis. 12, 25) Proteinuria is caused by glomerular, tubular, and overflow glomerular dysfunction. Of these, glomerular dysfunction is the most common cause, and results in altered permeability of the glomerular basement membrane. 26) For example, one of the most common etiologies of proteinuria and diabetic nephropathy includes glomerular dysfunction and glomerulonephropathy. 26) The most important risk factors for sarcopenia include aging and female sex. 9) Alterations in catabolic and anabolic stimuli, changes in growth hormone and insulin-like growth factor 1, and increased insulin resistance are also related to sarcopenia in the elderly. Moreover, chronic inflammation in aging muscles, which is similar to that observed in chronic diseases such as ESRD, diabetes, cognitive impairment, and mood disorders, is also related to sarcopenia in the elderly. 9) In this study, sarcopenia was strongly associated with proteinuria, especially in non-CKD participants. As the study included subjects over 60 years old, sarcopenia and proteinuria were likely to have developed in this population; aging itself could be the cause of both sarcopenia and proteinuria.
Otherwise, like other age-prevalent diseases, including hypertension, diabetes, and CKD, sarcopenia might also contribute to proteinuria in elderly patients without CKD. Sarcopenia is therefore an important disease in the elderly population. As a result, screening for and monitoring of sarcopenia in older people is needed. Further evaluations should be carried out to determine the etiology of sarcopenia and proteinuria.
Currently, the most accurate test for proteinuria is quantification using timed (usually 24 hours) urine collection. However, this method is not only extremely time-consuming but may also be imprecise. Therefore, current clinical practice guidelines recommend "spot urine total protein or albumin" corrected for urine creatinine as the optimal method for evaluation of proteinuria, which is also time-consuming and expensive. In contrast, the urine dipstick test is widely used as an initial screening tool for the detection of proteinuria because of its low cost, wide availability, and rapid results. Despite the advantages of the urine dipstick test, few studies have used this method to detect proteinuria. 11, 27) In a previous report, regardless of hypertension, diabetes, or obesity, a higher prevalence of proteinuria was found in sarcopenic patients than in those who were non-sarcopenic. 21) Very recently, Kim et al. 28) and Han et al. 29) also reported that sarcopenia is associated with albuminuria independently of comorbidities such as hypertension and diabetes in Korean adults aged over 19 years. In this study, we focused on the association between sarcopenia and proteinuria according to the presence or absence of CKD using a simple dipstick urine test.
Even after adjusting for obesity, hypertension, diabetes, and metabolic syndrome, sarcopenia increased the risk of proteinuria, especially in elderly participants without CKD.
The current study had some limitations. First, the study was crosssectional, so it is impossible to assess any cause and effect relationship.
Further prospective research will be needed to identify any causal relationship between kidney proteinuria and sarcopenia. Second, the European Working Group on Sarcopenia in Older People made it clear that age-related sarcopenia must include both low muscle mass and low muscle function; however, we only used the measurements of a participant's skeletal muscle mass to define sarcopenia. 10, 21) Third, the accuracy of this study's determination of proteinuria may be doubtful because it defined using a one-time urine dipstick test. The sensitivity for trace or greater proteinuria depends on factors including the standard ACR ratio and the automated reading of dipsticks. 11) To overcome this, dipstick screening must be repeated; ACR standards for urinestick proteinuria and the accurate reading of dipsticks should also be developed. Finally, due to the nature of the survey questionnaires, there may have been an information bias in the survey responses.
Nonetheless, the current study also had some strengths. First, our study provided strong evidence of a close relationship between sarcopenia and proteinuria in an elderly population. Previous studies have reported an association between kidney function and sarcopenia in patients with CKD. 8, 10) This study enabled us to begin defining the relevance of kidney function and sarcopenia in participants according to the presence or absence of CKD based on population demographics.
Second, we used urine dipstick testing to assess proteinuria in the study. Although measurement of protein in a timed urine collection might traditionally be the gold standard for the assessment of proteinuria, an easier and more convenient detection method is necessary.
Urine dipstick assessment can be an effective way to improve awareness of proteinuria in the elderly. 27) Finally, this was a large, population-based analysis using well-examined national data, which strengthens the statistical reliability of the results and the generalizability of the data.
In conclusion, we identified a strong association between sarcopenia and dipstick proteinuria in elderly subjects without CKD. In addition, sarcopenia was also an important factor in proteinuria, even after adjustment for obesity, hypertension, diabetes, and metabolic syndrome. Considering the worldwide aging population, prospective studies are needed to determine the relationship between low skeletal muscle mass and proteinuria in the elderly subjects.
